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What we do not…

Today

What we know…



Agenda

• Review of Emulsifiers

• Building Blocks

• Derivatization

• Characterization and Modeling



Review of 
Emulsifiers



Review of Emulsifiers
 Surfactant:  a substance which stabilizes an emulsion by reducing the oil-water 

interface tension

• Typically, depicted using “head-tail” schematics

• “Amphiphilic” 
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Review of Emulsifiers
 Dispersants:  added to an emulsion to improve separation of particles to 

prevent sticking/clumping

Lignin
Clay



Review of Emulsifiers

Emulsifier:  a component, or mixture of components,

of surfactant (and) dispersant chemistries which 

stabilize an emulsion and provide some performance 

functionality (value).



Building Blocks



Building Blocks
 Typically, begin life as naturally occurring fatty acids 

 Separated from fats via hydrolysis:
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Fat
(Triglyceride) Glycerol 3 Fatty Acid

+ 3 H₂O



Building Blocks

+

+

+

palmitic acid (C16:0) oleic acid (C18:1)

linoleic acid (C18:2)

 Fatty Acids:

 Carboxylic acid (COOH) with hydrocarbon chain, typically C12-22

 May be saturated, monounsaturated, or polyunsaturated



Building Blocks
 Fat sources:

Rendering – production of Tallow – byproduct of the meat-packing industry, 
typically beef or pork

Chemical Pulping – production of Tall Oil – byproduct of paper-making process

Agriculture – production of  Vegetable Oils (soy, canola, palm, sunflower, etc.)

+ +
+



e.g., Kraft Pulping Process

Building Blocks



Building Blocks
Fat composition is highly source-dependent:

+

+

+

FATTY ACID TALL OIL TALLOW

MYRISTIC (C14:0) --- 3

PALMITIC (C16:0) 1 26

STEARIC (C18:0) 2 14

OLEIC (C18:1) 48 47

LINOLEIC (C18:2) 36 3

LINOLENIC (C18:3) 1 1

% UNSAT. 84 51 Melt Point: 0°C                      Melt Point: 40°C

→ Impacts physical properties and 
availability for further derivatization



Derivatization



Derivitization

 Recall, fatty acid is an anionic emulsifier -> RS, MS, HF emulsion

 Derivatization:  conversion of naturally occurring fatty acids to other anionic, 
nonionic, or cationic surfactants

 Typically (not always!) involves reaction of fatty acids under high temperature



Fatty Acid

+

+

+
+

Amination Tallow Monoamine Addition
Tallow Diamine

Fatty Amine Ethoxylate
Ethoxylation

Hydrogenation Fatty Alcohol Fatty Alcohol Ethoxylate

Amidoamines, Imidazolines

Alkylation
Quaternary Amines

Ethoxylation

Amphoterics, “Multi-headed” Species…

Emulsifier(Mixture?)

Cationic, Nonionic, Anionic

Derivatization

Dispersant Derivatization Dispersant’



Derivatization

• Structure impacted by:

• Parent fatty acid (length, saturation)

• Reactant amine (primarily)

• Degree of derivatization of fatty acid 
(COOH and C=C functionality)

1-50



Characterization & Modeling



Characterization & Modeling

Surface Charge Density (SCD)

• Relative degree of surface 
charge on asphalt particle

• Impacted by head group size 
and degree of alkyl group 
saturation

Fixed Tail, 
Variable Head

Fixed Head, 
Variable Tail

Low SCD High SCD



Emulsion Viscosity

• High surface charge density

• Creates greater resistance to 
flow

• Employed in chip 
seal/surface dressing 
chemistries



Emulsion Viscosity

• Relatively low charge density

• Low resistance to flow

• Employed in slow-setting and 
slurry seal chemistries



Emulsion Viscosity

In general:

• Higher surface charge density -> 
greater emulsion viscosity

• Typically accomplished via small 
head and/or saturated alkyl group



Characterization & Modeling

Hydrophilic/Lipophilic Balance (HLB)

• Emulsifiers contain both hydrophilic and hydrophobic domains

• HLB is a measure of an emulsifier’s affinity for water

• Range:  0-20 (typically, ~8-16 for O/W emulsions)

• Helps to describe mixing performance



Oil-soluble

Head group ionic character and size (steric bulk)

HYDROPHILE CHARACTER

HYDROPHOBE CHARACTER

- Chain Length
- FA alkyl group modification

Water-soluble

Hydrophilic/Lipophilic Balance (HLB)



Oil-soluble

Head group ionic character and size (steric bulk)

HYDROPHILE CHARACTER

HYDROPHOBE CHARACTER

- Chain Length
- FA alkyl group modification

Water-soluble

Hydrophilic/Lipophilic Balance (HLB)



Characterization & Modeling

High HLB Low HLB

Polar 
Polymer

Structure determines reactivity…



Mix Stability

RAPID-SET EMULSIFIERS QUICK- AND SLOW-SET EMULSIFIERS



Mix Stability
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Mix Stability
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Mix Stability
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Mix Stability

RAPID-SET EMULSIFIERS QUICK- AND SLOW-SET EMULSIFIERS



Mix Stability
FILLED SYSTEMS / RECYCLING

Dispersant



Mix Stability

In general: Faster, Chemical Break 
(lower HLB)

Slower, Evaporative Break
(greater HLB)

Fatty Amines

Amidoamines, Imidazolines

Quaternary Amines, Amphoteric Species

Ethoxylated Species, Lignin & Derivatives



Summary

• Emulsifier/emulsion chemistry is extremely complex!

• Emulsifier:  combination of surfactant + dispersant technologies

• Form-Function relations exist (even if imperfect…)

• Complexity of subsequent formulation science cannot be understated

• Many areas for continued research/experience



Thank You!
Highlands National Park, 

Cape Breton, 
Nova Scotia Canada
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